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High levels of cyclooxygenase (COX) enzymes and its metabolites, especially prostaglandin E2 (PGE2)
are generated in inflammatory conditions and, eventually, can contribute to neoplasms growth,
justifying, in certain malignancies. COX occurs in two major isoforms, physiologically as isoform COX-1
and during inflammation as COX-2. In certain neoplasms, benefits are reported with the use of the
selective COX-2 inhibitor drug, meloxicam. This study aimed to evaluate the effect of meloxicam on the
development of solid Ehrlich tumor. Fourteen male Swiss mice, 30-45 days old, 35-45 g of weight, were
inoculated with 10" of the tumor cells, and divided in two groups according to the treatment: Phys) 0.1
mL intraperitoneal injection (IP) of sterile 0.9% saline solution, and Mel) treated with meloxicam, 2
mg/kg, 0.1 mL, IP, both once a day. After 21 days, all the animals were euthanized and the tumor
removed, weighed and prepared for histomorphometric and immunohistochemical evaluation for COX-
2. Mel group presented significantly reduction of the tumor weight and COX-2 production, as well as an
increase in stromal component, but did not interfere in tumor growth, in comparison to Phys group.
From these results it was concluded that meloxicam did not restrain tumor growth in this experimental
model. Reduction in tumor weight alone cannot be taken as a reliable criterion for evaluation of tumor
progression.
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INTRODUCTION

Neoplasms represent an irreversible cell proliferation,
associated with a high mortality rate in human species
and in many species of domestic animals or of free life.
Parallel to the establishment of the tumor mass,
inflammatory process is triggered that ends up providing
an environment that supports its progression. Several
chemical mediators are produced, and among them the

derivatives of arachidonic acid produced by the enzymes
cyclooxygenases (COX). They occur in two predominant
isoforms named COX-1 and COX-2.COX-1 is a
constitutive enzyme,while COX-2 is induced during
inflammation (Lewis and Smith, 2013). From both of
them, prostaglandins (PG) are derived as an important
metabolite, and in neoplasms, PGE2 specific class of PG
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is highly produced (Rizzo, 2011). PGE2 acts as a
modulator of the immune response, regulating the
balance between Th1/Th2 subpopulations (Yoshida et al.,
2000), and the change of the Thl profile to Th2 affects
the production and the action of cytotoxic and NK cells
(Nakanishi and Rosemberg, 2013).

Several pro-tumor effects have been attributed to COX,
especially to COX-2 and its metabolites, such as cell
proliferation, motility, invasiveness, and apoptosis
resistance (Banu et al., 2008; Rizzo, 2011). Inhibition of
COX by non-selective or selective COX-2 inhibitors
brings benefit as supportive therapy for various
neoplasms, as colon carcinoma (Koehne and Dubois,
2004). However, the mechanism of action of COX-2 is
related to its ability to generate PGs during anti-cancer
defense response. An interesting in vitro study of Hela,
human rhabdomyosarcoma, mammary adenocarcinoma
and rat embryo fibroblasts cell culture demonstrated an
important role of COXs in controlling growth of this line of
cancer cells, treated with aspirine and diclofenac. Similar
effect on normal cells were observed especially with the
use of diclofenac, drawing attention to the use of non-
steroidal anti-inflammatory drugs (NSAIDs) under
physiological conditions (Al-Nimer et al., 2015).

Meloxicam [4-hydroxy-2-methyl-N- (5-methyl-2-thiazolyl)
-2H-1,2-benzothiazine-3-carboxamide 1,1-dioxide] is a
potent COX-2 inhibitor, able to induce apoptosis of
hepatocellular carcinoma tumor cells, significantly
reducing its growth (Li et al., 2016). Its preventive effect
on recurrence of patients receiving conventional treatment
is also reported (Takami et al., 2016). Little is known
about its mechanism of action in reducing tumor growth,
but it is probably able to modulate PGE2 action by
blocking its EP2 receptor (Dong et al., 2014). This action,
however, seems to be related to the period in which the
drug is administered. The stage of tumor evolution has a
direct influence on it, as it is demonstrated by Rodrigues
et al. (2013) in a study where late administration of
meloxican did not exert any effect on tumoral proliferation
rate in reflux-induced gastric tumors in rats.

Another effect on the control of neoplastic growth
associated with meloxicam is the induction of apoptosis.
It is observed in some osteosarcoma lineages cells, as
MG-63, in the HOS and U2-OS osteosarcoma cells,
which do not produce high levels of COX-2 during their
growth, such effect does not occur (Naruse et al., 2006).

Therefore, the selective inhibition of COX-2 may be
dependent on the neoplasm and the stage of neoplasm
evolution, which is the main question the present study
aims to clarify in relation to Ehrlich solid tumor.

MATERIALS AND METHODS

Study design

Fourteen male Swiss mice, 30-45 days old, 35-45 g of weight, were
inoculated with 107 Ehrlich tumor cells in the subcutaneous tissue of

the dorsal region. A higher than 95% cell viability suspension was
used, evaluated by Tripan blue exclusion test. After 24 h of the
implant, the animals were divided in two groups: Phys) 0.1 mL
intraperitoneal injection (IP) of sterile 0.9% saline solution, and Mel)
treated with meloxicam, 2 mg/kg, 0.1 mL, IP, both once a day. After
21 days, all the animals were euthanized with ketamine (100 mg/kg
of animal weight) and xylazine (10 mg/kg of animal weight), for the
removal of tumor mass, which was weighed in a semi-analytical
balance. After that, the tumors were sectioned in their central
portion following their larger axis, fixed in 10% buffered formalin
and sent to histological and immunohistochemical processing. This
protocol was evaluated and approved by Ethics Commission,
protocol n° 15/13.

The histological material was processed, embedded in
histological paraffin, and sections of 5 p thickness were stained by
hematoxylin-eosin (H & E) for posterior image capture and
histomorphometric study.

Tumor cells

Ehrlich's ascitic tumor, maintained in vivo through weekly ticks, was
used in this study. Through the Trypan Blue exclusion test, cell
viability was analyzed and only cell suspensions with viability
greater than 95% were used.

Treatments

The animals was treated whit sterile 0.9% saline solution — Phys,
0.1 mL intraperitoneal injection , IP, or meloxicam - Mel (M3935,
Sigma Aldrich, purchased from commercial sources), 2mg/kg of
animal weight, 0.1 mL, IP, both once a day.

Immunohistochemistry

For immunolabeling of COX-2, 3 um sections were depafafinized in
xylene and rehydrated in a graded series of etanol to distiled water,
and then immersed in 0.01 M citrate-buffer at pH 6.0 to be heated
in a steamer for 30 min. Histological slices were be treated with
proteinase K for 30 min in room temperature. Endogenous
peroxydase was be blocked with 2% peroxyde hydrogen for 10 min
and washed with PBS (phosphate buffer solution). After this period,
pimary polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz,
CA, EUA) anti-COX-2 was incubated overnight at 4°C and washed
for 30 min, three times. The slices were incubated with biotinylated
secondary antibody for 30 min, washed in PBS and incubated with
streptavidin-peroxidase conjugate (LSAB, Dakocytomation) for
more 30 min. Amplification of the reaction signal was performed
using the avidin/biotin-ABC (Vector Laboratories). Thereaafter,
reaction was stained with 3,3’-diaminobenzidine tetrahydrochloride
(Sigma Aldrich, St Louis, MO, USA) and conterstained with Harris
hematoxylin. For negative control, primary antibody was ommited.

Histomorphometry

Histological sections stained by H & E or with immunohistochemical
staining for COX-2 were captured and registered in light microscope
(Nikon, Eclipse 80i, Tokyo, Japan). The images were analyzed
using Image Pro-Plus software, version 5.1 (Media Cybernetics),
observing the following parameters: total area, necrosis,
parenchyma. Twenty non-coincident fields were captured from the
immunolabeled slices, examined in 400x magnification, considering
the stroma and parenchyma of the tumor.

Obtained data were treated by Student t test for mean
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Figure 1. Comparison between Phys and Mel groups considering
tumor weight (*p < 0.05).
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Figure 2. Comparison between Phys and Mel groups considering
COX-2 immunolabeling (*p < 0.05).

comparison of the analyzed parameters, considering p<0.05.

RESULTS

In order to follow Ehrlich solid tumor evolution, tumoral
weight was used as comparison parameter, and it was
noted that at day 21, Mel group presented a significant
reduction of tumor weigh (Figure 1).
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Selective inhibition of COX-2 was confirmed by
analysis of the immunolabed slices in the parenchymal
areas consisting of viable tumor cells and in the stroma
areas. In Mel group, there is an evident reduction in
immunohistochemical labeling for COX-2 (Figure 2) when
compared to Phys group, it is noted that the area of
greatest COX-2 inhibition is the tumor parenchyma
(Figures 2 and 3).

Overall analysis of the histomorphometric parameters
demonstrate that there is no influence of meloxican on
total area, parenchyma, or necrosis, in comparison to the
non-treated group. Meloxican significantly increased
tumor stroma (Figure 4), where vascularization and
leukocytes can be found.

DISCUSSION

The evaluation of tumor weight is one of the most used
techniques to verify the growth of solid tumors, like the
Ehrlich tumor used as a model in this study. We found
that treatment with meloxicam was able to significantly
reduce this parameter, but the reduction in tumor weight
may not be related to a reduction of tumor cells since the
tumor mass consists of a central area of necrosis, a
stromal full of blood vessels and immune system cells
that can influence its weight.

In some neoplasms the therapy with COX inhibitors is
beneficial, especially COX-2, as is the case of meloxicam.
Inhibition of COXs results in the non-production of PGE2,
a metabolite closely associated with the facilitation of
tumor growth. Acetylsalicylic acid, a non-selective
cyclooxygenase inhibitor (Vane, 2000), has been used as
an adjunct drug for treatment rectal colon tumors
ttreatment, increasing survival rates when used in low
doses (Reimers et al., 2012). The effect of selective
COX-2 inhibition has been investigated in some kind of
tumors, oral cavity and lung carcinomas (Blackhall et al.,
2005; Wang, 2005). The effects associated with
treatment with NSAIDs indicate a reduction in tumor
growth rate, since PGE2, besides being immuno-
suppressive, is angiogenic (Bonanno et al., 2016). The
reduction in angiogenesis hinders the nutrition of the
tumor mass by slowing its growth, but not totally
impeding it. Currently, it is suggested that COX-2
expression can be used for the prognosis of renal
carcinoma (Tabriz et al., 2016).

Immunohistochemical labeling revealed that admini-
stered dose was sufficient to significantly inhibit the
production of COX-2. By image analysis, we found that
the immunolabeling was prevalent in the parenchyma of
the tumor, confirming that the main source of COX-2 was
from the tumor cells (Salgado et al., 2016).

Regarding the histomorphometry of the total tumor
area, we did not find differences between Phys and Mel
groups, except in relation to the stroma. It is presumed
that the total area corresponds to a series of constituents
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Figure 3. COX-2 immunolabeling in the parenchyma of Ehrlich solid tumor. a) Mel group; b) Phys group (original

magnification 400x).
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Figure 4. Comparison of morphological parameters of Ehrlich solid tumor between Phys and Mel

groups (*p < 0.05).

and that, although the treatment did not affect this
parameter, it significantly affected tumor weight. Despite
inhibition of COX-2 had occur, no reduction of the
parenchyma areas was observed. In this way, the
selective inhibition of COX-2 was not able to reduce
tumor proliferation, although tumor weight has reduced.
Although emphasis is given to the role of COX-2 in
relation to a wide variety of tumors, some types of
neoplasia present a close correlation with COX-1, which
this seems to be the case of the Ehrlich solid tumor.
Osman and Youssef (2015) also reported this
relationship in renal cell carcinoma and that there is an
intimate association with the production of COX-1 and the
production of vascular endothelial growth factor (VEGF).

In ovarian carcinoma, COX-1 is produced at high levels in
the early stages of the tumor, and is dependent on
angiogenesis to evolute (Perrone et al., 2014). These
data suggest that there is an alternance between the two
COX isoforms during neoplastic development, assuming
a more relevant role in the early, intermediate or final
phase depending on the tumor.

Other studies suggest that non-selective inhibition of
COX is also beneficial, as in endometrial cancer (Matsuo
et al.,, 2016), and murine pancreatic carcinoma (Rao et
al., 2014). In vitro study with myeloma cells demonstrated
induction of apoptosis of tumor cells, and that it was able
to reduce tumor proliferation in in vivo experiment, due to
apoptosis induction and reduction in VEGF production



(Ding et al., 2014).

Taken together, these data suggest a distinct action of
COX depending on the type of the neoplasm and also
depending on the developing phase in which the tumor is
detected. Considering these characteristics is of vital
importance not only for the treatment, but especially for
monitoring and prognosis of a wide variety of human and
animal neoplasms.

Conclusions

Treatment with meloxicam resulted in a significant
reduction of COX-2 production by tumor cells, but
selective inhibition of COX-2 was not able to control the
growth of Ehrlich solid tumor. It is presumed that COX-2
was not involved in the modulation of inflammatory
response in the developmental phase of the studied
neoplasm. Further studies are needed to clarify whether
there is an association between COX-1 and 2 in Ehrlich
solid tumor, or whether there is a functional variation
between the two isoforms during tumor development.
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